Introduction
============

Chronic subdural hematoma (CSDH) is a disease commonly encountered by neurosurgeons.[@B22] The occurrence of CSDH in elderly patients is 3 in 100,000.[@B4] The prognosis of CSDH is reported to be relatively good; still, its recurrence rate is reported to be between 3 to 34%.[@B3][@B14][@B15][@B17][@B25] Although various factors are related to the recurrence of CSDH, slightly contradicting results have been reported in different studies.[@B2][@B13][@B20][@B23]

Surgery is considered the treatment of choice for CSDH; the surgical techniques include burr hole drainage (BHD), twisted craniotomy, and craniotomy. A recent study reported that BHD shows the best treatment outcome and has the fewest complications among the three techniques.[@B30] BHD is performed in three different ways: single BHD without saline irrigation, double BHD without saline irrigation, and double BHD with saline irrigation. Although several studies comparing the outcomes of single BHD without saline irrigation and double BHD without saline irrigation have been reported, the results regarding the superiority of one over the other have been contradictory.[@B12][@B21][@B28] Moreover, even in studies comparing BHD with or without saline irrigation, the results were unclear.[@B5][@B6][@B20][@B32] Therefore, the optimal surgical treatment is still controversial. To the best of our knowledge, no study to date has compared all three techniques all together.

Accordingly, the objective of this study was to simultaneously compare the postoperative clinical and radiological outcomes of three surgical techniques for CSDH, along with the postoperative recurrence rate, and to determine the most effective technique for reducing postoperative recurrence.

Materials and Methods
=====================

Patient populations
-------------------

The present study was a retrospective review of patients who had underwent BHD following diagnosis of CSDH between January 2010 and June 2014. In the surgical findings, CSDH was defined as hematoma wrapped in a thin capsule and consisting of dark reddish liquefied blood.[@B19] A total of 123 cases of BHD were performed at our institution, of which, 93 cases were selected for the study. The remaining 30 cases were excluded because they involved a prior history of treatment for cerebral infarction or cerebral hemorrhage such as subarachnoid hemorrhage, or they received ventriculo-peritoneal shunt surgery, or due to a lack of follow-up for a minimum of 3 months. Comparisons were made after dividing the patients into three groups based on the surgical technique: single BHD without saline irrigation (Group A, n=31), single BHD without saline irrigation (Group B, n=32), and double BHD with saline irrigation (Group C, n=30). In each cases, surgical techniques were selected according to operator\'s preferred method.

Surgical technique and postoperative management
-----------------------------------------------

In all patients, surgery was performed under general anesthesia. A high-speed drill was used to create the burr hole in all patients, after which, the dura was opened carefully to verify the CSDH capsule. In Group A, a single hole was drilled at the parietal boss and a 5N silicon catheter was inserted to perform the drainage, without saline irrigation. In Group B, 2 holes were drilled, one each at the parietal boss and frontal area, to each of which, a catheter was inserted in a mutually crossing direction, again without saline irrigation. In Group C, 2 holes were drilled and irrigation was performed thoroughly with saline to confirm the complete removal of hematoma. Next, 2 catheters were placed in the same manner as in Group B. In all patients, catheters were connected to drainage bags and fixed at the same height as the patient\'s tragus to allow continuous drainage. The catheters were removed when the patient showed improvement in neurologic symptoms, and when it was determined from computed tomography (CT) that sufficient drainage of the hematoma had occurred. CT exams were performed immediately after surgery, and 1 week and 3 months after surgery for follow up monitoring.

Clinical factors
----------------

For comparisons of the three groups, age, gender, status of hypertension, diabetes, hyperlipidemia, chronic renal or heart insufficiency, chronic alcoholism, smoking, and coagulopathy \[international normalized ratio (INR)[@B14] \>1.20\], taking of anti-platelets or anti-coagulants, presence of dementia, and preoperative Glasgow Coma Scale[@B29] were investigated via a chart review. For comparisons of clinical results from each group, hospital days, recurrence and mortality rates, and Glasgow Outcome Scale (GOS) at discharge[@B8] were investigated. From the GOS results, good recovery and moderate disability were defined as good outcomes, whereas, severe disability, persistent vegetative state, and death were defined as poor outcomes.[@B6][@B9][@B16][@B29]

Radiological factors
--------------------

Recurrence in patients was evaluated by performing CTs prior to surgery and 1 day, 1 week, and 3 months after surgery. In the preoperative CT, the density of hematoma was measured, with uniform density being defined as homogenous internal architecture and mixed density being defined as heterogeneous internal architecture ([Figure 1](#F1){ref-type="fig"}).[@B10][@B11] The resolution of hematoma was compared by calculating the change in thickness and midline shift of the hematoma from the area with the maximal amount of hematoma seen on CTs taken prior to and 1-day after surgery.[@B26] The change was defined as a percentile obtained by dividing the preoperative CT value by the difference derived from subtracting the postoperative CT value from the preoperative CT value.

Postoperative recurrence and indication of revision surgery
-----------------------------------------------------------

Recurrence of CSDH was defined as an increase in the amount of hematoma in the surgical area, change in hematoma density, or effacement of cerebral sulci seen on CT exam within 3 months after surgery.[@B1][@B19] Revision surgery was performed when neurologic symptoms was occurred, such as mental decrease, motor weakness, and dysarthria, clearly accompanied the recurrence.

Statistical analysis
--------------------

For intergroup comparisons, the distribution of the continuous data was first evaluated for normality using the Shapiro-Wilk test. The normally distributed data was presented as the mean±standard deviation and the groups were compared using analysis of variance and Tukey test as a post hoc test. The non-normally distributed data was expressed in median (Q~1~ to Q~3~) and this data was analyzed via the Kruskal-Wallis test followed by Bonferroni\'s correction. Descriptive variables were subjected to χ^2^ analysis or Fisher\'s exact test, as appropriate. Unadjusted logistic models were used to identify significant variables affecting the recurrence ([Table 1](#T1){ref-type="table"}).

Variables with *p*\<0.10 were included in a multivariate logistic regression with conditional backward selection model. The level of statistical significance was set at *p*\<0.05. All analysis was performed using SPSS 21.0 (IBM Corp., Armonk, NY, USA).

Results
=======

Baseline patient characteristics
--------------------------------

The baseline patient characteristics between Groups A, B, and C were compared. Age, gender, status of hypertension, diabetes, hyperlipidemia, renal insufficiency, heart insufficiency, smoking, and coagulopathy, taking of anti-platelets or anti-coagulants, and presence of dementia were similar between the three groups ([Table 2](#T2){ref-type="table"}). The number of chronic alcoholics was statistically significantly higher in Group B (*p*\<0.05). The internal architecture on preoperative CT showed no statistically significant difference between the groups ([Table 2](#T2){ref-type="table"}).

Clinical outcomes
-----------------

Postoperative clinical outcomes between the three groups were compared. When hospital days and outcome at discharge (GOS) between the three groups were compared, no statistically significant differences were found. The number of cases in which revision surgery was performed was 6 (19.4%), 6 (18.8%), and 2 (6.7%) in Groups A, B, and C, respectively. Thus, Group C had relatively fewer revision surgeries. The number of mortality cases was found to be 3 (9.7%), 1 (3.1%), and 1 (3.3%) in Groups A, B, and C, respectively ([Table 3](#T3){ref-type="table"}). The causes of death were founded as following: there were 2 cases of ventilator-associated pneumonia (VAP) and 1 case of catheter-induced sepsis (Group A), 1 case of VAP (Group B), and 1 case of unknown origin sepsis were investigated (Group C).

Radiologic outcomes
-------------------

Change in hematoma thickness in Groups A, B, and C was 29.77±7.94%, 49.73±12.87%, and 75.29±4.32%, respectively, while change in midline shift was 40.81±15.47%, 51.78±10.94%, and 56.16±16.16%, respectively. Thus, Group C had the most effective for resolution of hematoma and midline shift (*p*\<0.05). As for recurrence, there were 12 cases (38.7%) in Group A, 8 cases (25.0%) in Group B, and 3 cases (10.0%) in Group C. Thus, Group C had a statistically significantly lower recurrence rate than Group A (*p*\<0.05) ([Table 3](#T3){ref-type="table"}).

Multivariate analysis for factors influencing postoperative recurrence
----------------------------------------------------------------------

The authors analyzed factors associated with the postoperative recurrence of CSDH by multivariate logistic regression analysis, and found that presence of coagulopathy, single burr hole and without saline irrigation were significantly independent risk factors associated with the recurrence of chronic subdural hematoma (*p*\<0.05). Therefore, double BHD with saline irrigation is strong associated with reduction of postoperative recurrence ([Table 4](#T4){ref-type="table"}).

Discussion
==========

CSDH is a common disease,[@B22] and the first choice treatment is surgery, which includes BHD, twisted craniotomy, and craniotomy. Among these, BHD is reported to have the best treatment outcome; however, the optimal surgical technique of BHD is still controversial. Therefore, we compared the postoperative clinical and surgical outcomes of the three surgical techniques, along with recurrence, to determine the technique most effective in preventing the recurrence of CSDH at same time.

Taussky et al.[@B28] compared 63 cases of double BHD and 34 cases of single BHD, out of 97 cases of hematoma, and reported that the single burr hole group showed a higher recurrence rate. Ishibashi et al.[@B6] divided patients who had undergone BHD for CSDH into two groups, based on whether irrigation was performed; it was reported that the group that underwent irrigation had better outcomes. Our study also showed that when simple comparisons of the radiologic results were made, the recurrence rate was statistically significantly lower in Group C than in the other two groups. For verification, a multivariate logistic regression analysis was performed with recurrence designated as the dependent variable. The results indicated that recurrence rate could be reduced by choosing double burr hole over single burr hole, and performing irrigation.

Hematoma volume and midline shift are factors that have a strong influence on patient outcome. Perel et al.[@B18] described a prediction model for outcomes in patients with traumatic brain injury and reported that hematoma volume and midline shift were very important factors. Jacobs et al.[@B7] reported that, in a study on 700 patients with traumatic brain injury, a greater degree of hematoma volume and midline shift was associated with poor outcome. In our study, the change in hematoma thickness and midline shift was statistically significantly higher in Group C; i.e., postoperative hematoma volume was distinctly reduced compared with the other two groups, and midline shift had effectively recovered. Therefore, the double BHD with saline irrigation may be more helpful in improving the outcome in patients with CSDH than the other two techniques.

The CSDH contains highly concentrated vaso-active cytokines, inflammatory mediators, and fibrinolytic factors.[@B27][@B28] Saito et al.[@B24] described that since leaving these factors in high concentrations after surgery leads to an increase in recurrence of CSDH, complete evacuation of hematoma during surgery is a very important surgical goal. As mentioned above, our results indicate that double BHD with saline irrigation is the most effective technique for hematoma resolution compared to the other two techniques. Additionally, saline irrigation washes out residual cytokines and fibrinolytic factors; hence, it may be helpful in reducing postoperative recurrence. In summary, double BHD with saline irrigation may be the most effective technique for preventing the recurrence of CSDH.

Yasuda et al.[@B31] performed a correlation analysis between coagulation abnormality and postoperative outcome in 160 patients with CSDH, and reported that the elevated INR resulted in increases in poor outcome and mortality index. In our study, coagulopathy was also found to be a statistically significant independent risk factor for recurrence of CSDH. Therefore, due consideration should be given to decide whether to operate on CSDH patients with elevated INR. Our findings may be helpful in making that decision.

Our study has the limitation of being a retrospective study. It may also be partially limited from having strict exclusion criteria for cases, which resulted in relatively small number of overall cases. Thus, a prospective and randomized control study with more cases is needed.

Conclusion
==========

Our study compared three surgical techniques of BHD for CSDH at once. Among the three surgical techniques, double BHD with saline irrigation was found to be the most effective for hematoma resolution, recovery of midline shift, and reduction of postoperative recurrence rate. Therefore, in patients who are suspected of having a high risk of postoperative recurrence, selecting the double BHD with saline irrigation technique may be ideal. Moreover, we believe that our study will be helpful for future determination of an optimal surgical technique for CSDH.
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###### Factors associated with the recurrence of chronic subdural hematoma analyzed by univariate logistic regression
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Unadjusted logistic models were used to identify significant variables affecting the recurrence. Variables with *p*\<0.10 were included in a multivariate logistic regression with conditional backward selection model. GCS: Glasgow Coma Scale

###### Baseline characteristics of 93 patients with chronic subdural hematoma
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Values were presented as mean±standard deviation, median (Q~1~-Q~3~), or absolute number (%). ^\*^data were compared using Kruskal-Wallis test, and presented as median (Q~1~-Q~3~) because of abnormal distribution, ^†^*p*\<0.05 compared with Group A

###### Postoperative clinical and radiological outcomes
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Values were presented as mean±standard deviation, median (Q~1~-Q~3~), or absolute number (%). ^\*^data were compared using Kruskal-Wallis test, and presented as median (Q~1~-Q~3~) because of abnormal distribution, ^†^*p*\<0.05 compared with Group A, ^‡^*p*\<0.05 compared between Group B and Group C

###### Factors associated with the recurrence of chronic subdural hematoma analyzed by multivariate logistic regression
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The level of statistical significance was set at *p*\<0.05
